INTRODUCTION
It has been reported that the increase in sugar level which occurs during flue-curing is interfered with if the leaf is bruised while green (1, 2}. This has been assumed (1, 2) to be due to suppression of the starch degradation which normally occurs during flue-curing (3) (4) (5) (6) (7) . However, ]ohnson et al. (1) pointed out that the lower level of sugars in bruised (cured) tobacco might result from either inhibition of starch breakdown or an increase in sugar metabolism, and that starch analyses would be necessary to find out which. We are now reporting the results of experiments designed to answer this question, and to explore the suggestion (2) that the effect of bruising on the increase in sugars during curing is less marked in over-ripe leaves. These questions are of interest in connection with mechanical harvesting, especially forage harvesting (8}, which may result in bruising. The relationship between the effect of bruising, the degree of ripeness and the residual starch level is of particular interest where one-pass harvesting is employed, because the leaves are inevitably of mixed ripeness.
EXPERIMENTAL

Leaf Samples
Greenhouse-grown leaves were obtained from Virginia type plants (Variety NC 2326) grown in sand culture. These plants were fed with nutrient solution until the leaves began to ripen, from when they were supplied only with water. The nutrient solution contained 130 g potassium dihydrogen phosphate, 420 g potassium sulphate, 980 g calcium nitrate ( 4 H20), 320 g potassium nitrate, 260 g magnesium sulphate (7 H20), 300 g sodium nitrate, 3 g ferric citrate, 1.2 g manganese sulphate (4 H20), 0.12. g copper sulphate (5 H 20), 0.14 g zinc sulphate (7 H20), 0.03 g ammonium molybdate, and 170 ml hydrochloric acid (36 0/0), per 1000 litres of tap water. Field-grown leaves were from plants of the variety Italian C6B.
Bruising and Yellowing
Two leaves representing each of the bottom, middle and top stalk positions were taken at weekly intervals from the greenhouse-grown plants. The midribs were removed from these six leaves, giving twelve pieces of lamina. Pieces of lamina representing each stalk position were either (a) placed in a freezer at -20 °C, (b) kept in yellowing conditions for 48 hours at approximately 31 °C and 92 'lo relative humidity and then frozen, or (c) bruised, then kept in yellowing conditions for 48 hours and then frozen. In investigating the effects of bruising, a standardised bruising treatment would be desirable; in theory this might mean breaking a constant proportion of cell membranes in all samples. Since it has been shown (2, 9) that resistance to bruising can vary with the degree of ripeness, variety and position on the stalk, constant pressure cannot be expected to produce consistent bruising. We have no means of solving this problem, and have merely made certain that all our bruised samples could be clearly seen to have been bruised. This could mean that some samples were more severely damaged than others. Bruising was effected by placing the pieces of lamina between sheets of polythene and passing them between a pair of paper~crimping rollers set so that the lamina was almost cut. The lamina from each of three ripe field-grown leaves was divided into four pieces. Three of the four pieces were treated in the same way as the greenhouse-grown leaves, and the fourth piece was bruised and then frozen immediately for subsequent analysis.
Sample Preparation
All the frozen samples were freeze-dried as soon as possible, and they were then milled for analysis.
Analytical Methods
Starch was determined using an AutoAnalyser version of a published method (10) . Reducing sugars and total nicotine alkaloids were determined using methods similar to those published by Wick ham et al. (11) and Sad/er et al. (12) , except that the tobacco was extracted with a solution of lead acetate. Total sugars were determined by incorporating an acid-inversion stage in the AutoAnalyser. Chlorophyll was extracted according to the method of Maclachlan and Zalik {13) and optical densities were read at 645, 663 and 710 nm. Calculati~il of total chlorophyll was by Ford's method {14). Results were corrected for moisture content, which was determined by drying 100 mg samples at 100 °C for 15 hours.
RESULTS AND DISCUSSION
Starch
The effects of bruising on starch levels are shown in Figure 1 (greenhouse-grown leaves) and Table 1 (fieldgrown leaves). It is quite clear in both greenhouse and field-grown leaves that bruising seriously suppressed the starch degradation which occurred in yellowing the unbruised samples. In the greenhouse-grown leaves, the average starch level at harvest was 20 Ofo, and the level in the bruised leaves, after they had been held in yellowing conditions, was 21.6 °/o. This indicated complete suppression of starch degradation by bruising. In the field-grown leaves, the average starch level at harvest was 14.9 °/o, which fell to 8.9 °/o in the bruised/yellowed samples, indicating a partial suppression of starch degradation. It is not known why there should be this difference between greenhouse-grown and field-grown leaves. The starch levels in the greenhouse-grown leaves as harvested increased during the first three weeks (Figure 1 ). At week six there was a substantial drop in the starch level; we do not know why this occurred, but it might be due to either a reduction in the hours of sunshine, or to a genetic difference. The latter could have happened because the samples were from a different plant each week. In the unbruised yellowed samples, there was a general increase in starch level as the leaves ripened (Figure 1 ), again with a fall at week six. It is probable that more starch would have been degraded if the yellowing Table 1 .
Chemical composition of field-grown leaves subjected to bruising and yellowing conditions ~/o dry weight). ' (5) . The relationship between ripeness and the rate of starch degradation needs further investigation, preferably in field-grown tobacco. If it is found that the rate of starch degradation generally decreases with increasing ripeness, this should be taken into account in attempts to minimise residual starch levels in the processes such as homogenized leaf curing (15, 16) . It is also of interest to note that the effect of ripeness on chlorophyll degradation is quite different from the effect on starch degradation (see later). Suppression of starch degradation as a result of bmising was complete in the greenhouse-grown leaves from all three stalk positions. Therefore, in this work variations in chemical composition associated with the position of the leaves on the stalk are of secondary interest. However, starch levels were lowest in the bottom leaves ( Table 2) .
Total
Chemical composition of leaves from different positions on the stalk; means of results for all stages of ripeness and all treatments rto dry weight
Sugars
The effects of bmising on sugar levels in yellowing conditions are shown in Figure 2 (greenhouse-grown leaves) and Table 1 (field-grown leaves). It is quite clear that bruising suppressed the increase in sugar levels which normally occurs during yellowing. In the greenhouse-grown leaves the total sugars increased by 14~1 °/o (on average) in the unbruised leaves but by only 0. In the greenhouse samples, the proportion of nonreducing sugars (in the total sugars) in the leaves (a) as harvested, (b) after bruising and holding in yellowing conditions, and (c) after yellowing (without bruising) was 21 Ofo, 32 Ofo, and 12 Ofo respectively. The least significant difference at P = 0.01 was 5.3 Ofo. Although these differences are statistically highly significant, we do not know their importance, if any. Sugar levels were higher in leaves from the middle of the stalk than in those from either the top or bottom ( Table 2) .
Chlorophyll
Bruising interfered with the chlorophyll degradation which normally occurs during yellowing, as noted by Johnson et al (1) . In the greenhouse-grown leaves, bruising partially suppressed chlorophyll degradation; the bruised samples held in yellowing conditions all had chlorophyll levels intermediate between the samples as harvested and those yellowed without bruising ( Figure 3 ). The average suppression of chlorophyll degradation resulting from bruising was 48 Ofo.
In the three field:-grown leaves the chlorophyll levels were very variable (Table 1) ; however, on average 80 Ofo of the chlorophyll was degraded in yellowing the unbruised samples, but only 10 Ofo disappeared from the bruised samples held in yellowing conditions. The average suppression of chlorophyll degradation resulting from bruising was therefore 88 °/o. Part of a fourth field-grown leaf was divided into two halves. One half was bruised and both halves were subjected to yellowing conditions. The appearance of these pieces of leaf can be seen in Figure 4 , in which it can be seen that chlorophyll degradation was largely suppressed. Exponential curve fitting to Pack's chlorophyll results The effect of bruising on the appearance of a field-grown leaf after 48 hours in yellowing conditions. YELLOWlNG (5) for the first 48 hours in yellowing conditions indicates that the degradation of chlorophyll follows a simple exponential relationship with time (correlation coefficient, r2 = 0.992). M cC lure and Gwynn's results (17) agree with this, except that they found no reduction during the first 9 hours. As in the case of starch, the half-life of chlorophyll in yellowing conditions can therefore be calculated. In our (unbruised) greenhousegrown leaves the half-life of chlorophyll in yellowing conditions decreased from 79 hours at week 1 to 15 (18) in which his samples were "pile-yellowed". This increase in the rate of chlorophyll degradation as leaves ripen can be contrasted with the decrease in the rate of starch degradation noted earlier.
As expected, chlorophyll levels were, on average, lowest in leaves from the bottom of the stalk (Table 2 ).
Nicotine Alkaloids
Bruising had almost no effect on total nicotine alkaloids ( Figure 5 ). In this figure, the large increase in the level of total nicotine alkaloids associated with increasing ripeness is very clear. Nicotine levels were also higher in the leaves from higher positions on the stalk (Table 2 ).
SUMMARY
The effect of bruising Virginia-type tobacco leaves on starch degradation during yellowing has been investigated. Bruising suppressed starch degradation in greenhouse-grown leaves completely and by about half in field-grown leaves. The increase in sugar levels which normally occurs during yellowing was also suppressed by bruising; in the greenhouse-grown leaves this suppression was complete but in the field-grown leaves it was only partial. As the greenhouse-grown plants ripened, the rate of starch degradation in unbruised leaves held in yellowing conditions decreased substantially. Bruising also suppressed the chlorophyll degradation which normally occurs during yellowing. However, in this case bruising produced a greater degree of suppression in the field-grown than in the greenhouse-grown leaves. As the greenhouse-grown plants ripened, the rate of dtlorophyll degradation in unbruised leaves held in yellowing conditions increased substantially, in marked contrast with the behaviour of stanh. Nicotine levels increased in the greenhouse-grown leaves as they ripened, but the levels were not affected consistently by bruising. 
ZUSAMMENFASSUNG
RESUM£
On a ~hudit! l'effet du froissement des feuilles de tabac Virginia sur la dt!gradation de l'amidon durant le processus de jaunissement. Le froissement a supprimt! complhement la dt!gradation de l'amidon dans les feuilles des plantes de serre, et pour moitit! dans les plantes de pleine terre, L'augmentation de teneur en sucre, qui apparatt normalement durant le jaunissement a t!tt! supprimt!e t!galement par le froissement. Pour les plantes de serre, cette suppression a t!tt! totale, pour les plantes de pleine terre seulement partielle. A mesure que les plantes de serre mfirissaient, la vitesse de la degradation de l'amidon dans les feuilles non froissees, maintenues en conditions de jaunissement, diminuait de fafon importante. Le froissement a diminut! t!galement la degradation de la chlorophylle, qui se produit normalement lors du
